Abstract. Pseudorabies virus (PRV) infection was diagnosed in 4 piglets from a litter by immunohistopathologic examination and virus isolation. Three piglets had moderate to severe neuronal degeneration, and PRV antigen was detected in Auerbach's myenteric plexus and Meissner's submucosal plexus of the gastrointestinal tract. One piglet had 2 types of skin lesions. One lesion appeared on the hip and ear and was characterized by ballooning degeneration, necrosis of epithelial cells, and intranuclear inclusion bodies. The other was found on the ear and hematoma-like lesion and was composed of fibrinoid exudation and degenerative connective tissue. PRV antigen was clearly demonstrated in both skin lesions. These results suggested that degeneration of myenteric plexuses might be another characteristic of lesions in PRV-infected pigs and that the virus spreads by interaction between the skin and myenteric plexuses to the central nervous system.
Pseudorabies is an acute, naturally fatal condition of pigs caused by swine herpesvirus. Pseudorabies virus (PRV) is a neurotropic organism that spreads from a peripheral viral replication site to the central nervous system (CNS) by axonal and hematogenous transmission, producing nonsuppurative trigeminal ganglionitis and meningoencephalitis. 9, [17] [18] [19] Lesions caused by PRV infection outside the CNS in pigs have been reported. 4, [12] [13] [14] [15] [16] However there is no histopathologic description of the effect of the virus on the myenteric plexus of the gastrointestinal tract and skin in pigs naturally infected with PRV.
Recently, we studied the history and clinical signs of an outbreak of swine pseudorabies and isolated PRV. This paper describes the immunohistopathologic findings of the affected piglets, especially the presence of necrotic lesions in the myenteric plexus of the gastrointestinal tract and skin.
Materials and methods
Four piglets (nos. 1-4) from 1 litter (pig 1 was moribund at 17 days of age and pigs 2-4 died at 16 and 17 days of age) were submitted for diagnosis to the Tochigi Animal Hygiene Service Centers. They were necropsied systematically, and tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned, and stained with hematoxylin and eosin (HE). PRV and porcine rotavirus antigens were demonstrated by the avidin biotin complex (ABC) immunopeFrom the Tochigi Liverstock Sanitary Laboratory, Tomatsuri, Utsunomiya, Tochigi 320, Japan (Ezura, Usami, Tajima), the Tochigi Animal Hygiene Service Centers, Hakomori, Tochigi, Tochigi 328, Japan (Komaniwa, Nagai), and the National Institute of Animal Health, Kannondai, Tsukuba, Ibaraki 305, Japan (Narita, Kawashima) .
Received for publication September 4, 1994. roxidase method, using ABC reagent. a Anti-PRV b and antiporcine rotavirus rabbit sera c were used as primary antibody at dilutions of 1:2,048 and 1:1,024, respectively. Sections were counterstained with methyl green.
The virus was isolated from brain, tonsil, liver, spleen, heart, kidney, lung, small and large intestines, and feces of pig 1 and from the brain and tonsils of the 3 dead animals (pigs 2-4). Each specimen was minced and cultivated in Madin-Darby bovine kidney (MDBK) cell culture, and PRV was finally identified by the cytopathic effect and fluorescent antibody examination.
Results
Clinicopathology. Clinical signs were characterized by incoordination affecting the hindquarters and by fine muscular tremors. The principal macroscopic lesions were confined to the brain. The meninges were markedly congested, and there was excess cerebrospinal fluid. Pig 1, euthanized at 17 days of age, had a hematoma-like lesion in the right ear (Fig. 1) .
The major histopathologic findings were necrosis in the CNS, tonsils, liver, and adrenal glands. Affected cell nuclei were pyknotic, and eosinophilic intranuclear inclusion bodies were often found in cells of the peripheral necrotic region.
In the gastrointestinal tract of 3 animals (pigs 1, 2, 4), there was severe atrophy of small intestinal villi and neuronal necrosis in Auerbach's and Meissner's plexuses in the stomach and small and large intestines (Fig. 2) . The nuclei of the degenerating neurons usually were basophilic and karyorrhetic and contained a few intranuclear inclusion bodies (Fig. 3) . Some necrotic areas spread into the muscularis mucosa. In the right ear of pig 1, a large hematoma-like lesion was surrounded by proliferating connective tissue and auric- The subcutaneous tissue contained a small number of necrotic foci accompanied by arteritis and epithelial degeneration of ceruminous gland. Sometimes, ballooning degeneration, necrosis of epithelial cells, and intranuclear inclusion were found in the stratum spinosum of the skin of the auricle and hip (Fig. 6 ).
was also detectable in the stomach and small and large intestine. No PRV antigen was found in the mucosal epithelium. In the skin, including the ear, PRV antigen was observed in necrotic foci and associated peripheral nerve fibers and was distributed in the hematoma-like lesion (Fig. 8) and subcutaneous tissue. The ballooning, degenerating epithelial cells in the stratum spinosum also showed a positive reaction (Fig. 9) . A small number of porcine rotavirus antigens were found in the epithelial cells of atrophic intestinal villi (Fig. 10) .
Immunohistology. Immunohistologically, presence
Virus isolation. Corresponding with the results of of PRV antigen correlated closely with the distribution immunopathologic examination, PRV was isolated of necrotic foci in the CNS, liver, lung, adrenal glands, from various tissues, including the small and large inand tonsils. In the gastrointestinal tract, PRV antigen testine of pig 1 with titers of 10 1.5 -10 5.3 TCID 50 /0.05 was especially predominant in Auerbach's myenteric ml, and from the brain and tonsils of the 3 dead aniplexus and Meissner's submucosal plexus, and smooth mals (pigs 2-4), with titers of 10 2.5 -10 5.0 TCID 50 /0.05 muscle cells neighboring the myenteric plexus were ml (Table 1) . Moreover, PRV was isolated from the also occasionally antigen positive (Fig. 7) . The antigen feces of pig 1 with a titer of 10 2.25 TCID 50 /ml. 
Discussion
In naturally developing and induced infections, PRV affects the CNS. 9, [17] [18] [19] The 4 naturally infected piglets demonstrated focal necrosis throughout the body, including neuronal degeneration in the CNS and gastrointestinal tract. Moreover, pig 1 had skin lesions. Except for the lesions found in the gastrointestinal tract and skin, the distribution of histopathologic changes and PRV antigen and the isolation of PRV were similar to those previously described in pigs infected with PRV. 4, [12] [13] [14] [15] [16] Hemagglutinating encephalomyelitis virus also has a neurotropic nature and spreads to the CNS via the trigeminal ganglion and the inferior vagal ganglion and then moves into the spinal cord via the intestinal plexuses 1,2 In the case of PRV some investigators isolated PRV from feces of naturally infected pigs, but no gastrointestinal lesions were found. 4, 8 Necrotizing enteritis accompanied by neuronal degeneration of the myenteric plexus was reported only in pigs experimentally infected with PRV. 16 In 3 piglets in the present study, moderate to severe neuronal degeneration and PRV antigen localization were detected in Auerbach's myenteric plexus and Meissner's submucosal plexus. These findings strongly suggest that degeneration of the myenteric plexus in the gastrointestinal tract might be added as one of the characteristic lesions of PRV as well as hemagglutinating encephalomyelitis virus infection in piglets.
1,2
The myenteric plexus is innervated by parasympathic nerves originating from the vagus and ultimately the brain stem. Intraperitoneal and cutaneous inoculations of herpes simplex virus (HSV) in mice resulted in spread of the virus to the brain stem via the vagal nerves after replication in the myenteric plexus of the gut. 7, 21 In the present cases, no significant histologic lesions or PRV antigens were found in the mucosal epithelium; however, neuronal degeneration of the myenteric plexus in the stomach was more severe than that in the small and large intestines. After swallowing, PRV might replicate in the oropharyngeal epithelial cells and penetrate to the myenteric plexus of the gastrointestinal tract through the intestinal mucosa.
Zosteriform spread of HSV has been studied in the epidermis, where replicated virus enters the axon and travels from a peripheral inoculation site to the CNS. 3, 10, 20 Natural and experimental PRV infections in cattle and other animals can be initiated through the skin, where virus replication at the site of inoculation occurs.
5,11 The virulence of attenuated PRV strains in skin tissues was also demonstrated in rabbits. 6 In the present case of pig 1, 1 type of skin lesion was characterized by ballooning degeneration, necrosis of epithelial cells, and intranuclear inclusion bodies in the stratum spinosum. These lesions were closely associated with focal necrosis in the subcutaneous tissue and were found in the skin of the ear and hip. Another type of skin lesion was the hematoma-like lesion, which was composed of fibrinoid exudation and degenerative connective tissues. PRV antigen was clearly demonstrated in surrounding areas of both types of skin le-sions, which resembled lesions induced by herpes zoster. The possible route of PRV replication is shown in Fig. 11 . The skin lesion in the ear might have been caused by a bite from a PRV-infected pig, after which the replicated virus traveled centripetally from the skin to the CNS via the sensory nerve. Moreover, the virus might spread in the gastrointestinal tract from the myenteric plexus to the spinal cord and then on to the dermatomes innervated by them.
The present 4 piglets in the present study were also infected with porcine rotavirus and had moderately atrophic intestinal villi. There was no evidence of PRV replication in the mucous membranes. However, PRV might be easily introduced into the mucous membrane because the epithelial cells had already roughly degen-12. erated as a result of the rotavirus infection. Further study is required to investigate an interaction between porcine rotavirus and PRV infections in the gastro-13.
intestinal tract.
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